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Abstract 
Malaysian construction industry follows the British Standards. Currently, the British Standards have been 
withdrawn and replaced by Eurocodes. In 2004, the Institution of Engineers Malaysia published a 
position paper on the concrete codes of practice in Malaysia after 2010 and recommended that the 
Eurocodes be adopted after the withdrawal of the British Standards. The structural Eurocode is 
undoubtedly a state –of-the art design code for structural engineering. Hence we have little choice except 
to adopt the current Eurocodes as Malaysian National Standards. However, it is permitted to attach a 
national annex with Nationally Determined Parameters (NDP) to the main body of the Eurocode New 
concepts and terminologies related to reliability and quality management have been introduced by the 
Eurocodes. This would to a certain extent affect engineering practice in Malaysia, and it will be the 
choice of the construction industry whether to adopt them or not. People concerned with the requirements 
of the Eurocode are: committees drafting standards; professionals; designers and constructors, clients (e.g. 
for the formulation of their specific requirements on reliability levels and durability) and relevant 
authorities. This paper will look into the aspects related to reliability and quality management proposed 
by the Eurocode and the respective comments given in the Malaysian National Annex. This covers 
definitions, basic requirements, measures and applications, and specific requirements on reliability and 
Iquality management. implementing the Eurocodes would require high standard of engineering practice 
and more time and understanding of the various aspects introduced. It is concluded that in order to 
produce safe and durable structure, all requirements of the Eurocode must be considered. Malaysia must 
take serious steps towards building a national reliability safety model. Issues related to liability and 
standard of care, in case of non compliance with the code requirements should also be addressed. 
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1. Introduction 
 
        It has been long established that uncertainties in anticipated loads and load carrying capacity of a 
structure are inherent in structural design. These uncertainties can be put into two major categories with 
regard to causes of failure, these are:  
a. Natural causes; result from unpredictability of loads such as wind, earthquake, water pressure, or live 
load acting on the buildings. Another source of uncertainty attributable to natural causes is the mechanical 
behaviour of the materials used in construction. 
b. Human causes; include intended and unintended departures from optimum design. This includes 
approximation, calculation errors, communication problems, lack of knowledge, and greed. Similarly, 
during construction, uncertainties arise due to the use of inadequate materials, method of construction, 
changes without analysis. Misuse, inadequate maintenance, and sabotage can also be attributed to this 
category.    
        Due to this, Nowak and Collins [1], and Schneider [3] indicated that the complete structure will not 
be absolutely safe but always   with a finite probability of failure. To minimize this probability, reliability 
- based design criteria approach has been developed and most of current codes are based on this concept. 
This approach intended to minimise the risk of failure due to both natural and human causes.  
      In this approach, numerical values for partial factors and other reliability parameters are 
recommended as basic values that provide an acceptable level of reliability. In addition, these values have 
been selected assuming that an appropriate level of workmanship and quality management applies.  
      This paper will focus more on the risk of failure due to non-compliance with items related to 
reliability and quality management. Accordingly, the items of the Eurocode related to aspects of 
reliability and quality management will be presented and discussed. 
 
2.    Structure of the Eurocode: EN 1990 Basis of structural design 
        There are 58 parts of the Eurocodes have been published by CEN (European - committee for 
Standardisation), classified as Normative References.  
Department of Standards Malaysia published a draft copy of the following parts of the Eurocode which 
are related to buildings for public comments:   
EN 1990 Eurocode   :  Basis of Structural Design [2]        
EN 1991 Eurocode 1:  Actions on Structures                
EN 1992 Eurocode 2:  Design of Concrete Structure  
(EN: European Standard)     
 
      EN 1990 Eurocode covers all aspects of reliability and quality management and will be the subject of 
this paper. The code is applicable to buildings as well as    all types of structures including reinforced 
concrete, steel, aluminium, and timber.  It    describes the principles and requirements for safety, 
serviceability and durability of structures and set approaches for proper design and execution procedures.   
The various items, as presented in the Eurocode EN 1990, relevant to the present study are given in the 
flow diagram shown in Figure 1. 
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Figure 1 
EN 1990: 2002 
Basis of structural design 
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3. General assumptions, statements and definitions:  
       It is stated under section 1-General, that EN 1990 should be used in conjunction with all other 
normative references (i.e.  EN 1991 to EN 1999) for the structural design of buildings and civil 
engineering works, including geotechnical aspects, structural fire design, earthquakes, execution and 
temporary structures. All requirements in these codes should be fulfilled. 
      It further indicates that design which employs the Eurocode is deem to meet the requirements 
provided that the assumptions presented are    satisfied. The general assumptions are: Appropriately 
qualified and experienced personal shall only be involved in the choice of the structural system, design 
and construction; adequate supervision and quality control is provided during execution of work ( design, 
factories, plants and site); specification of construction materials as per Eurocode;  the structure should  
be adequately maintained  and used as per design assumptions. 
 
4. Basic requirements 
        As stipulated in section 2.1 Basic requirements of the Eurocode, the structure shall be designed and 
executed, with appropriate degrees of reliability and in an economical way does not become unfit for use 
during its intended life. It should not be damaged by events such as: explosion, impact, and the 
consequences of human errors to an extent disproportionate to the original use. The events to be taken 
into account are those agreed for an individual project with the client and the relevant authority. To avoid 
sudden or potential damage, few design guidelines regarding type, integrity and robustness of structure 
have been given for the structural engineer consideration. Engineers’ professional care could be in 
question if these requirements are not implemented.  
     These basic requirements should be met by the choice of suitable materials; appropriate design and 
detailing; and by specifying control procedures for design, production, execution and use relevant to the 
particular project. 
The code iterate that the provisions of this section should be interpreted on the basis that due skill and 
care appropriate to the circumstances is exercised in the design, based on the knowledge and good 
practice as is generally available at the time that the design of the structure is carried out. 
 
5. Reliability management 
          The basic elements of reliability as stated in section 2.2 of the Eurocode are safety, serviceability 
and durability.   Reliability is defined as “Ability of a structure or a structural member to fulfil the 
specified requirements, including the design working life, for which it has been designed”. 
          For reliability differentiation, the code presented specific measures intended for the socio-economic 
optimisation of the resources to be used to build construction works, taking into account all the expected 
consequences of failures and the cost of the construction works. Reliability is usually expressed in 
probabilistic terms. 
        The reliability required for structures within the scope of EN 1990 shall be achieved by designing in 
accordance with the Eurocode, plus appropriate execution and quality management measures. Different 
level of reliability may be adopted for structural resistance and serviceability. The choice of the level of 
reliability for a particular structure should take account of the relevant factors, including: 
- The possible cause and/or mode attaining a limit state; 
- The possible consequences of failure in terms of risk to life, injury, potential economic losses; 
- Public aversion to failure; 
- The expense and procedure necessary to reduce the risk of failure. 
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5.1 Levels of reliability 
           The levels of reliability relating to structural resistance and serviceability can be achieved by 
suitable combination of: 
a) Preventive and protective measures (e.g. implementation of safety barriers, active and passive 
protective measures against fire, and protection against risks of corrosion such as painting or 
cathodic protection. 
b) Measures relating to design calculation (representative values of actions and the choice of partial 
factors).   
In relation to item b, reliability differentiation procedure, given in Annex B item B3, has been presented. 
In this procedure, three approaches can be followed in order to allow moderate differentiation in the 
partial factors to be used in design for actions and resistances corresponding to the particular building 
class. These are:   
- Consequences Classes (CC). 
- Differentiation by β values. 
- Differentiation by measures relating to the partial factors. 
 
5.1.1 Consequences Classes 
               Consequent Classes are given in Annex B, item B3.1, and Table B1 of the Eurocode. These are 
introduced based on the assumed consequences of failure and the exposure of the construction works to 
hard. These are given in Table 1 below. 
 
Table1.  Definition of consequences classes  
  
5.1.2 Differentiation by β values  
                The reliability class (RC) may be defined by the β reliability index concept. Three reliability 
classes RC1, RC2, and RC3   associated with consequent classes CC1, CC2, and CC3 are introduced. The 
recommended minimum values for β   are given in table 2 below. These are also given in Annex B, item 
B3.2, and Table B2 of the Eurocode.  
 
 
Consequences 
       Class 
                         Description Examples of buildings and civil 
engineering works 
           CC3 High consequence for loss of human life, or 
economic, social or environmental 
consequences very great 
Grandstands, Public buildings where 
consequences of failure are high(e.g. 
a concert hall) 
          CC2 Medium consequence for loss of human 
life, economic, social or environmental 
consequences considerable 
Residential and office buildings, 
public buildings where consequences 
of failure are medium(e.g. office 
building) 
         CC3 Low consequence for loss of human life, 
and economic, social or environmental 
consequences small or negligible 
Agricultural buildings where people 
do not normally enter (e.g.  storage 
buildings, greenhouses) 
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Table 2 Recommended minimum values for reliability index β (ultimate limit states) 
 
 
It should be pointed out that using the recommended partial factors of the current Eurocode 
generally lead to a structure with a value greater than 3.8 for a 50 year reference period. This indicates 
that the code quite safe with RC 2, but need to be verified when reliability class RC3 considered. 
 
5.1.3 Differentiation by measures relating to the partial factors 
               An alternative way of achieving reliability differentiation is by distinguishing classes of γF 
(partial factor for action) to be used in fundamental combinations for loading. For example, for the same 
design supervision and execution inspection levels, a multiplication factor KFI,   may be applied to the 
partial factors as given in Table 3 below. This is also shown in Annex B, item B3.3, and Table B3 of the 
Eurocode.  
 
Table 3- KFI factor for actions 
 
5.1.4 Measures related to quality control 
               Further measures are also indicated to identify the level of reliability required as follows: 
a) Measures relating to quality management. 
b) Measures aimed to reduce errors in design and execution of the structure, and gross 
human errors 
c) Other measures to satisfy basic requirements; robustness, durability, choice of design 
working life, soil investigation and environmental influences. 
d) Efficient execution, and adequate inspection and maintenance according to procedures 
specified in the project documentation. 
 
6. Quality management 
         Good engineering practice requires that appropriate quality management measures should be in 
place. These measures comprise: Definition of the reliability requirements, organisational measures and 
controls at the stages of design, execution, use and maintenance. These requirements must be fulfilled, in 
order to a structure that corresponds to the requirements and to the assumptions made in the design. In 
this respect EN ISO 9001: 2000 is an acceptable basis for quality management measures, where relevant. 
Eurocode specified two criteria to satisfy the quality management requirements, these are: 
Design supervision differentiation and Inspection during execution.  
 
Reliability class  Minimum values for β 
1 year reference period  50 years reference period 
RC3 5.2 4.3 
RC2 4.7 3.8 
RC1 4.2 3.3 
KFI factor for actions                                                      Reliability class  
RC1 RC2 RC3 
KFI o.9 1.0 1.1 
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6.1 Design supervision differentiation 
           Three possible design supervision levels (DSL) have been identified as shown in Table 4 below. 
This also shown in Annex B, item B4, and table B4 of the Eurocode 
 
 Table 4- design supervision levels (DSL)  
 
Design Supervision 
Levels 
Characteristics Minimum recommended requirements for 
checking of calculations, drawings and 
specifications 
  
DSL3 
Relating to RC3 
Extended supervision Third party checking: 
Checking  performed by an organisation different 
from that which has prepared the design 
DSL2 
Relating to RC2 
Normal supervision Checking by different persons than those originally 
responsible and in accordance with the procedure of 
the organization 
DSL1 
Relating to RC1 
Normal supervision Self- checking: 
Checking performed by the person who has prepared 
the design 
 
 
This may also include a classification of designers and/or design inspectors (checkers, controlling 
authorities, etc.) depending on their competence and experience, their internal organisation, for the 
relevant type of construction works being designed. 
 
6.2 Inspection during execution   
            Three inspection levels (IL) for products and construction works have been introduced and given 
in table 5 below. This is also given in Annex B, item B5, and Table B5. 
 
 Table 5-Inspection levels (IL) 
  
Inspection levels Characteristics Requirements 
IL3 
Relating to RC3 
Extended inspection Third part inspection 
IL2 
Relating to RC2 
Normal inspection Inspection in accordance with the 
procedures of the organization 
IL1 
Relating to IC1 
Normal inspection Self inspection 
 
 
7.  The Malaysian national Annex E: National Annex to The MS EN 1990:2009 Eurocode ; Basis of    
structural design 
 
           The Malaysian Annex recommended National Determined Parameters for many design issues. It 
has also allowed the use of structural reliability approach by adhering to the concept suggested by the 
Eurocode. It has also recommended the use of requirements of the quality management presented in the 
Eurocode.  
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8. Conclusion 
 
          To minimise the probability of failure, all related aspects of reliability and quality management 
presented in the Eurocode should be implemented in the construction process. It is evident that the human 
factor is not taken into account in the reliability management assessment. Therefore, it is very essential 
that quality management requirements are to be considered in absolute details. Lack of experience and 
financial factors could be the most important factors which deter the full implementation of the Eurocode 
requirements. It is suggested that serious steps to study in depth reliability management aspects, 
considering local conditions, will enable Malaysia to produce its national probability model of safety in a 
very short time.  
           It is equally important that construction industry should be aware of issues of negligence and 
standard of care in case of implementing the use of the Eurocode. 
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